This article analyses productivity trends in Brazilian and Mexican manufacturing industries between 1995 and 2009, a period in which international competition intensified sharply.
Over the past two decades, the Mexican and Brazilian economies experienced profound transformations, largely driven by foreign trade. The reduction of import quotas, together with the elimination of non-tariff barriers and trade integration with neighbouring countries, radically changed the structure of the two countries' foreign trade. In manufacturing industry, Brazil and Mexico suddenly faced external competition, particularly from East Asian countries. As noted by Mesquita (2007) , the emergence of China on the world industrial stage posed major challenges to the Latin American economies, because the static and dynamic productivity differentials of Chinese manufacturers place enormous constraints on the productive potential of Brazilian and Mexican manufacturing industries.
Following a lengthy growth period, the share of manufacturing industries in Brazilian and Mexican gross domestic product (gdp) fell sharply. According to the statistics and indicators database (cepalstat) of the Economic Commission for Latin America and the Caribbean (eclac), manufacturing-industry gdp shares peaked in 1985 at 35.9% in Brazil, and in 1988 at 27% in Mexico. In 1996, manufacturing value added had declined to just 19.6% of Mexican gdp and 14.8% of Brazilian gdp. This loss of gdp share has continued since, albeit at a slower pace: in 2011, manufactured goods represented just 17.8% of Mexico's gdp and 12.4% of Brazil's. 1 This result was due mainly to the slowdown in industrial growth. Katz (2000) found that manufacturing industry output grew by 3.8% per year in Mexico and by 2.8% per year in Brazil between 1970 and 1996, but growth was slower in the period 1996-2009. Figures from the World Input-Output Database (wiod, 2012) show that the annual growth rate of manufacturing production fell to 1.2% in Brazil and 1.6% in Mexico, in that period.
Moreover, the slackening of manufacturing productivity growth was even more serious than the decrease in its share. According to the study by Katz (2000) , between 1970 and 1996, labour productivity 1 For further details, see Mesquita (2007). rose by 2.9% per year in Mexican manufacturing industry and by 1.9% per year in the same sector in Brazil. wiod (2012) data report an increase in value added per worker of just 0.1% per year in the Mexican manufacturing industry between 1996 and 2009, and a much worse situation in Brazil, where value added per worker actually decreased by 1% per year, showing a sharply declining trend of labour productivity.
This study analyses the trend in productivity in Brazilian and Mexican manufacturing industries between 1995 and 2009, a period in which the two economies faced growing international competition. The analysis considers 14 sectors of manufacturing industry: food, beverages and tobacco; textile and textile products; leather and footwear; wood and products of wood; paper and pulp; 2 coke and refined petroleum; chemical products, plastics and rubber; non-metallic mineral products; metallurgy and metal products; machinery and equipment; electrical and optical equipments; transport equipment; and other industrial products.
The productivity trend is analysed in two ways: (i) using the Leontief (1951) model to measure the consumption of intermediate goods used in production, and (ii) through total factor productivity (tfp), which takes account of production factor requirements. The first measure of productivity defines the quantities of goods and services needed to produce one monetary unit of a given manufacture. The analysis allows for comparisons of productivity through time and space; and relative changes in productivities can be identified in the comparison between two countries over time.
Nonetheless, variations in production coefficients through time do not necessarily imply an improvement or worsening of technical and economic conditions in the industrial sector in question. Among other things, an industry's input expenses may rise because certain stages of production are outsourced. If this step is taken to enhance efficiency, the price of the goods may even fall, suggesting a reduction in output value and an apparent loss of productivity. Nonetheless, outsourcing saves on capital and labour in the final activity sector, involving an increase in tfp. In that case, a more detailed 2 The paper and pulp sector includes production by the graphics and printing industry.
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analysis of productivity should be complemented from the standpoint of the production factors used.
That aspect is highly relevant in the comparison between Brazil and Mexico, since both countries underwent trade liberalization which, in general, increased the share of imported goods and services in industry's intermediate consumption. Brazil also saw intensive outsourcing in manufacturing activities, owing to the rising costs of labour and social protection -processes that had been under way since the early 1990s-. Outsourcing dynamics were also impacted by the degree of economic integration, which was very different in the two countries.
This article is divided into three sections apart from this introduction. Section II compares the industrial productivity of the Brazilian and Mexican economies from the standpoint of the consumption of intermediate inputs, whereas section III analyses tfp. Lastly, section IV summarizes and comments on the results of the analysis and briefly evaluates the influence of economic liberalization on the trend of industrial productivity in the two countries.
II

Input productivity
1. the concept of productivity in input-output analysis
The literature on input-output analysis describes three widely used methods to evaluate technical change: (i) the direct comparison of technical coefficients; (ii) structural decomposition, and (iii) the "rowscaler" method. 3 All three techniques are based on the Leontief model, and their applications use national input-output tables as data sources. The direct comparison of technical coefficients was suggested by Leontief himself (1951) as a way to evaluate technical change. Considering the basic equation of the Leontief model, X = (I -A) -1 Y = BY, in which X is the vector of production, Y is the vector of final demand and B is the Leontief matrix, defined as the inverse of the difference between the identity matrix (I) and the technical coefficients matrix (A), the method suggested by Leontief entails directly comparing the a ij of two A matrices, which can differ in time or space. 4 When this is applied to matrices of physical coefficients, the method admits only partial conclusions, because it is impossible to aggregate quantities to identify the characteristics of a sector, for example. Although aggregation is possible in the case of monetary matrices, the method has 3 Based on another study by Carter (1980), Feldman, McClain and Palmer (1987) proposed a method for comparing matrices with incomplete data. The study in question describes an adapted version of the original ideas for square matrices, taking account of the direct and indirect effects on the matrices. 4 The first case would evaluate technical change, whereas the second would estimate the technological differences between two economies with different technologies.
shortcomings, because it supports evaluation of cost trends only, which could stem from technical changes or shifts in input prices, or both. 5 Structural decomposition has also been widely used in evaluating technical changes. 6 This method consists of breaking down the sources of the variation in gross production value. Based on the production equation, X = BY, the total variation in gross production ∆X can be split into three parts, as shown in the following equation:
According to that expression, differences in the value of production owing to changes in final demand can be estimated by setting the matrix of technical coefficients: ∆X = B∆Y. Differences in output value resulting from changes in technical coefficients are obtained by setting the vector of final demand: ∆X = Y∆B. With this method, technical change is estimated by the difference in the technical coefficients between the two matrices which, to obtain the same net output, use different amounts of intermediate inputs. The greater the quantity, or value, of those inputs, the lower productivity will be. It is also possible to identify the sectors of the economy which, in the aggregate, record the largest changes between two points in time, 7 and, in turn, the coefficients responsible for the change.
Structural decomposition can also be used to identify (approximately) the differences between two matrices in time and space. To specifically measure the impact of the technical changes, the vector of final demand of the economy must be set between two periods, allowing only the technical coefficients matrix to vary. Carter (1967) pioneered a study that analysed the technological changes that have taken place in the United States economy, comparing the matrices of 1947 and 1958. Given the vector of final demand for 1962 and the coefficients of the inverse matrices of 1947 and 1958, the author obtained the gross production vector for the sectors of the United States economy compatible with that demand and each period's Leontief matrices. The difference between the two gross production vectors determines the variation in production needed to satisfy the same final demand vector in the two periods. A positive variation would imply a productivity loss, because the same demand would require a larger amount of expenditure to produce the goods or services of the sector in question. In contrast, a negative variation would mean a reduction in expenditure and a consequent increase in productivity. All of the sectors of the economy can be aggregated to determine which of the two matrices is more productive.
Although this method allows for direct comparisons to be made between sectors of two technological matrices, comparing two economies poses a number of problems. This is because the aggregation depends on the composition of the gross production vector which, in turn, depends on the composition of final demand, a variable that is exogenous to the system. Differences in the composition of demand can produce different results. Whereas the share of low-productivity sectors in the economy as a whole tends to decline, the share of high-productivity sectors tends to increase. As a result, attributing the same share to the productive sectors of the two matrices could lead to distortions in the analysis. Carter (1967) , for example, imposed the 1962 composition of final demand on the years 1947 and 1958. 8 Feldman, McClain and Palmer (1987) proposed a "rowscaler" methodology. To explain it, the authors start with two different technological matrices (each one associated with a point in time), and a single vector of final demand. The values of gross output needed to obtain the final demand vector are given by:
8 If Carter (1967) had used a final demand vector with different composition, the result would probably have been different.
The diagonalization of the production vectors obtained in each period generates the diagonal matrices X t t , which have the values of the production vectors in the leading diagonal, and zeros in the other cells. Multiplying the diagonalized production vector obtained in the first period by that obtained in the second -both based on the same demand but with different technologies-gives expression (3):
where Γ Is the matrix 9 formed by the γ ij elements. If 1 ii 2 2 c , sector i of matrix 2 is less productive than the same sector of matrix 1; if 1
, sector i of matrix 2 is more productive than the corresponding sector of matrix 1. Lastly, if 1
ii 2 c = , the two matrices can be said to have the same productivity. In the specific case where the final demand vector is unitary, it is possible to directly compare the direct and indirect coefficients of the inverse Leontief matrix for the two countries. The sum of each of the rows of the Leontief matrix would indicate the direct and indirect quantity of goods and services needed to obtain one unit of good i to satisfy final demand. 10 The foregoing method takes account of the production of all goods needed to satisfy a unitary demand vector, whose elements contain one unit of demand for each good and service in the economy, in other words a vector with unit values in each row. When the aim is to investigate the quantity of goods needed to satisfy the demand for one unit of a given good i, the method consists of summing the rows of the Leontief matrix corresponding to that good. That process aggregates the direct and indirect quantities of goods and services needed to produce one unit of the good or service being analysed.
In addition to the three methods described above, input-output analysis also developed a specific methodology to evaluate the trend of tfp, in the tradition 9 In that matrix, the elements outside the leading diagonal are zero by construction. 10 This procedure makes it possible to compare the same sectors of different matrices to ascertain whether a specific sector is more or less productive than the equivalent sector in the other economy. It is impossible to determine whether one economy is more or less productive than the other. Only the extreme case where all sectors of one of the matrices are more productive than the respective sectors of the other matrix, would it be possible to state, unequivocally, that one of the matrices is more productive than the other. To compare aggregate production, it would be necessary to set a vector of final demand or production, as proposed by Carter (1967). of economic growth theories. 11 Nonetheless, the analysis cannot be applied to the international input-output matrix database, because this does not contain information on factor endowments (capital, labour and land) for all the economies. To determine the trend of tfp in the manufacturing sectors of the two countries, the following subsection uses another theoretical approach based on statistical methods.
Databases and methodology
The databases used in the analysis are the wiod (2012) global input-output tables. The tables were constructed as a result of a huge task to make national input-output tables compatible with one another, undertaken by a group of research institutes around the world, coordinated by the University of Groningen. 12 The project, financed by the European Commission and published on the Internet in April 2012, will make a major contribution to deepening understanding of the world economy. 13 The wiod has data on national input-output tables for the years between 1995 and 2009, together with estimations of global input-output tables that show international flows of goods and services. The data cover a total of 40 countries, and estimations for the "rest of the world" -the regional grouping created to reconcile national foreign trade flows-. In addition to the national and international matrices, numerous other variables are provided per country, such as factor endowments, price indices, and the functional distribution of income.
This article uses the global input-output tables for 1995-2009 to calculate the productivity vector. These matrices abide by the original Leontief 
11 On this topic, see Miller and Blair (2009) . 12 The editor in charge is Marcel Timmer of the University of Groningen. 13 [Online] www.wiod.org/database.
In expression (4), X 1 , X 2 , ... , X k are (35 x 1) vectors of national production, each of which contains the output values of the 35 sectors of economic activity covered by the matrix. The vector Y denotes final demand and has the same interpretation. The matrix is formed by 1,681 matrices of technical coefficients (of dimension 35 x 35) which identify the origin (country and sector) and destination (country and sector) of intermediate consumption. 14 Matrix A is calculated by dividing the intermediate consumption matrix, of the same dimension as matrix A, by vector X.
Those data are used to obtain the global Leontief matrix for the years 1995 and 2009, which serves as a basis for calculating the production needed to satisfy one unit of final demand for a given good or service in a specific country. Expression 5 contains the definitions of that matrix, in which N and M indicate the countries, and B NM the sub-matrix of technical coefficients of those two countries. In this system, when N is equal to M, the matrix B NM designates the domestic coefficients of economy N, in other words the quantities of goods produced in economy N that are needed to produce one unit of the good in that economy. When N is different from M, the matrix B NM denotes the external coefficients of economy N: the quantities of goods and services produced in the rest of the world that are needed to produce one unit of the good in economy N. 
As noted above, the production needed to satisfy one unit of demand for a good in a given country is calculated by adding the values of the columns of the Leontief matrix. This can be done directly with respect 14 The number of A kk matrices stems from the number of regions in the database (41).
to all economic sectors and countries of interest. 15 The resulting sum can be broken down into two elements representing domestic and external requirements. The domestic requirements are calculated as the sum of the b ij values in the B NN matrix, and the external requirements are calculated as the sum of bij values of the B NM matrices, N≠M. The ratio between the quantities needed in the two countries generates the matrix Γ, whose meaning and interpretation are identical to those presented in subsection 2 of section II. In the following analysis, two other matrices are calculated with those characteristics: Γ d , which indicates the quantities of domestically produced goods and services that are needed to produce i goods in the two economies; and Γ e , calculated as the ratio between the quantities of imported goods and services used in the production of i goods in the two economies.
This article only presents the values for the Brazilian and Mexican economies in the 14 activity sectors of manufacturing industry mentioned in its introduction. The values of the global input-output tables are expressed in millions of dollars at current prices each year. As the productivity indicators are expressed as monetary units of production of the goods, the inter-temporal comparisons contain variations in both quantities and relative prices, which restrict analysis possibilities. It should be remembered that the analyses do not consider differences in the purchasing power of currencies. In 2009, one dollar in Brazil was equivalent in purchasing power to US$ 1.32 at United States prices, whereas in Mexico, one dollar was worth US$ 2.19 in purchasing-power terms. That meant that a dollar of demand for a given good in Brazil was equivalent to a different amount of that good in Mexico. Nonetheless, relative production studies do not need adjustments for purchasing power parity, since they express relations between production values at a given place and time.
results
Although Brazil's economy is much larger than Mexico's, their manufacturing industries display very similar structures. In 2009, the gross value of industrial output amounted to US$ 940,559 million in Brazil and US$ 470,853 million in Mexico (see table 1 ). In the Brazilian economy, 73% of gross production value was accounted for by five industries: food, beverages and tobacco; coke and refined petroleum; chemicals; metallurgy and metal products; electrical and optical equipment; and transport equipment. The equivalent share was even greater in the case of Mexico, at 80.5%. The structural change coefficient, which had a value of 0.89 in 2009, illustrates the similarity between the two industrial structures and between the two economies more clearly. 16 It is also worth highlighting the importance of the food, beverages and tobacco industry in the two countries' industrial structure. This sector accounted for 19.8% of Brazil's gross industrial production value in 2009, and 24.6% in the case of Mexico. The greatest difference between the structures of the two countries corresponds to the electrical and optical equipment sector, which represented almost 15% of Mexican industry in 2009 compared to 6.6% in the case of Brazil. Table 2 reports productivity indicators for 1995, in terms of the quantities of goods (domestic and imported) needed to produce one monetary unit of the goods of each industry in each country. The last three columns show the ratios between those amounts in the two countries. Taking the data for Brazil as an example, in 1995 the food, beverages and tobacco industry required US$ 2.27 for each dollar of output, representing US$ 0.12 in imported goods and services plus US$ 2.14 of goods and services produced domestically. In Mexico, to produce one dollar of food, beverages and tobacco required US$ 2.22 of production in all sectors of the economy -US$ 0.32 of imported goods and services, and US$ 1.90 of domestic production.
The ratio between the two coefficients of production in the food, beverages and tobacco sector was 1.02 in 1995, which shows that the Brazilian industry was slightly less productive than its Mexican counterpart. Table 2 also reports the values of the leading diagonal of the Γ d matrix, which relates the quantities of domestically produced goods and services that are needed for the production of food and beverages in the two economies. In the case of the food, beverages and tobacco industry, the ratio was 1.13. This means that the Brazilian food and beverages industry required more monetary units of domestic production than its Mexican equivalent, and that the productive chain in Mexico also required more imports. 17 The data of table 2 show that, in 1995, 10 segments of Brazilian industry were more productive than their counterparts in Mexico, namely: textiles and textile products; wood and products of wood; paper and pulp; chemical products; plastics and rubber; metallurgy and metallic products; machinery and equipment; electrical and optical equipment; transport equipment; and other industrial products. Only in the leather and footwear, non-metallic mineral products, and coke and refined petroleum sectors did the productivity of Mexican industry greatly exceed that of Brazil. In the specific case of coke and refined petroleum, the productivity difference was largely due to the greater need for imports in Brazilian industry, which was not yet self-sufficient in oil production.
The data of figure 3 show a very different situation in 2009, because Mexico's industry had overtaken Brazil's in productivity terms. All industrial segments, apart from the textile products, electrical and optical equipment, and other industrial products industries were less productive in Brazil than in Mexico. Those three sectors were already more productive in Brazil in 1995, and the advantages with respect to Mexico had diminished in two of them by 2009. In contrast, the four sectors of Mexican industry that were more productive in 1995 had actually increased their advantage by 2009. In this situation, it is natural to ask how a team that won a match 10-4 can lose a second one 3-11? Table  4 , which reports the rates of change of the indicators shown in the previous tables between 1995 and 2009, answers that question. Comparing the data for the two reference years, there are significant changes in the goods and services requirements in the two countries; and Brazilian industry recorded greater increases in all sectors, except electrical equipment.
In Brazil, requirements increased in all industrial sectors, except for the leather and footwear industry. This indicates a loss of productivity, which could represent both a physical decline and an adverse trend in relative prices. In the Mexican case, there were considerable productivity gains in eight of the 14 manufacturing industries between 1995 and 2009. The productivity loss in the other sectors was less than in Brazilian industry, except in the case of electrical equipment. Another important characteristic of Mexican industry is that the growth in imported goods and service requirements was offset by a reduction in requirements for domestic goods and services. Thus, compared to the Brazilian case, the productivity of Mexican industry evolved by replacing domestic raw materials with imports, in other words, that trade liberalization generated larger productivity gains in Mexico than in Brazil. 18 18 The only exception to that rule was the coke and refined petroleum industry. As it is impossible to apply input-output matrix analysis owing to the lack of data on factor endowments (capital, labour and land) in the set of countries forming the area referred to as "rest of the world" in the wiod, factor productivity in the 14 industrial sectors of Brazil and Mexico was evaluated using a different approach. In this case, tfp was calculated on the basis of the "Solow residual" (Solow, 1957) . To improve the analysis of productivity trends, separating the effects of demand and supply crises on that indicator from longer-term trends (such as technological progress and economies of scale), a complementary statistical approach was used. This firstly involves fitting a production function and then using the estimated coefficients to calculate productivity by means of a decomposition. Under this approach, the productivity trend is the portion of gdp growth that is explained neither by factor accumulation -a concept present in the Solow (1957) approach-nor by specific random phenomena. 19
Production frontier and decomposition of productivity
This study adopted the stochastic-frontier econometric approach to fit the production function. This approach 19 It is not necessary to estimate a production function to calculate tfp. The calculation can be based on statistics of the trend of gdp, factor endowments and the factor shares in the functional distribution of income. Nonetheless, a strictly accounting approach accentuates the effects of supply and demand crises in the measurement of productivity trends. Econometric approaches, on the other hand, make it possible to remove random phenomena from the variations in gdp and factor endowments, and, depending on the technique, measurement errors. In general, those approaches produce more stable tfp estimations with more plausible economic interpretations. 
III
Factor productivity has been, widely applied in microeconomic studies and was used with satisfactory results in recent studies for the international comparisons of factor productivity at more aggregate levels. On this point, see Kneller and Stevens (2003) ; Kumbhakar and Wang (2005) ; Garcia, Souza and Pires (2008), and Pires and Garcia (2012) . The first advantage of the approach is that the productivity difference between two economies is not restricted to technological differences. The stochastic production frontier admits the possibility of inefficiency in production and, therefore, that there may be productivity differences between two economies that operate at the same technological level. Another advantage is that, when panel data are used, the stochastic frontier produces better estimates then ordinary least squares (ols) in the absence of heterogeneity controls. 20 This is because it is based on an error component model that makes it possible to separate random phenomena from those that can be attributed to omitted factors, such as the output gap caused by labour unemployment.
Expression (6) defines the stochastic production frontier as a production function fitted through a theoretical measure of technical inefficiency.
.., N and t = 1, ..., T
This expression uses the following definitions: • Y it is industrial value added in country i at time t; • F is the production function; • K it , H it and L it are the quantities of capital, skilled labour and unskilled labour used by the industry of country i at time t; • B t is the level of productivity reflecting optimal practice at time t, and • u it ≥ 0 is the measure of technical inefficiency of the industry of country i at a time t. Based on the stochastic production frontier, the Bauer-Kumbhakar decomposition of the trend of tfp is performed (see Kumbhakar, Denny and Fuss, 2000) , to identify four sources of productivity variation: technical progress, variation in technical inefficiency, variation 20 As shown in Garcia, Souza and Pires (2008) , aggregate production functions which control the heterogeneity produce estimations without economic meaning; for example, the African economies would show the highest rate of technological progress while the industrial economies would display regression or stagnation. This happens because there is a very close linear link between capital, technology and the quantity of labour used, because the technologies are embedded in the capital. of allocative inefficiency, and economies of scale. The decomposition also makes it possible to interpret the trend of tfp more precisely and to identify different patterns. For example, although two economies may display the same tfp growth rate, in one case the increase may stem from technological progress and in the other from economies of scale, which are very different economic processes.
In mathematical terms, the decomposition of the productivity trend under the production-frontier model is obtained by differentiating that frontier with respect to time. Following numerous algebraic manipulations, the time differential of the production frontier gives equation (7), which expresses the rate of growth of industrial value added in a given country i at a time t, as the sum, weighted by the respective elasticities (e), of the rates of: (i) variation in optimal practice, also known as the rate of technological progress; (ii) factor accumulation (capital, skilled and unskilled labour), and (iii) variation in technical inefficiency.
Assuming Hicks-neutral technology which means that e B = 1, and using the tfp definition established by equation (8) -the Solow residual-in which S j is the share of productive factor j in the functional distribution of income, it is possible to find a new decomposition for the variation of tfp.
Combining (7) and (8), gives:
A transformation can be applied to simplify the foregoing expression (9) and isolate the components of the rate of change of tfp. Defining:
/ c e p a l r e v i e w 1 1 5 • a p r i l 2 0 1 5 a comparative analySiS of productivity in brazilian and mexican manufacturing induStrieS • armênio de Souza rangel and Fernando garcia de FreitaS in which rts denotes returns to scale, gives equation (10): o ; (ii) change in technical efficiency approximated by u it − o ; (iii) change in productivity owing to the effect of a change in the scale of production, calculated by
(iv) change in allocative efficiency, measured by
Under constant returns to scale, rts = 1, so the third component of the productivity change is cancelled out; but if rts differs from 1, part of the variation in productivity is explained by the change in the scale of production. Moreover, if the ratios between the elasticities and rts (l j ) are equivalent to the respective factor shares in the functional distribution of income (S j ), then the industry is efficient in terms of factor allocation. In that case, by definition, there are no productivity changes attributed to changes in the allocation of factors. Lastly, in this model, technical progress accounts for at least as much of the variation in productivity. Only when there are no technical or allocative inefficiencies, or increasing or decreasing returns to scale, is the measure of the variation of productivity, A A o , identical to technical progress, B B o . This approach thus covers a larger number of possible situations, without very arbitrary restrictions on the shape of the production function and its properties.
Databases and econometric model
The data used in the analysis also come from the wiod and relate to the 14 manufacturing industries analysed above. For each industrial sector, a stochastic frontier is estimated based on the data from 40 countries with regard to value added (Y it ), capital endowment (K it ), hours of skilled labour employed (H it ) and hours of unskilled labour employed (L it ) between 1995 and 2009. Hours of skilled labour employed are equivalent to the sum of the number of hours worked by medium-and high-skilled workers. The monetary values are expressed in constant 1995 dollars. 21 As the analyses were conducted at the industrial-sector level, the data were not adjusted for purchasing power parity, as is more frequent in aggregate macroeconomic analyses.
The econometric model estimated is a translog function of the value added of the three factors of production and time (t), which captures the trend of the frontier. The function in question, described in equation (11), has 14 explanatory variables: the levels of factors of production and time (K it , H it , L it and t), the squares of the factors of production and time (K it 2 , H it 2 , L it 2 and t 2 ) and the interactions between them ( 
As proposed by Garcia, Souza and Pires (2008) , no coefficients are included to control for heterogeneity between countries. Given the high correlation that exists between the dummy variables and the explanatory variables, that procedure generally distorts the estimates of technical efficiency and technological progress. It is therefore assumed that any heterogeneity in the industrial sectors of the sample countries can be captured through the model's explanatory variables and the technical inefficiency component.
The trend of tfp is estimated using equation (8). As there is no information on labour remuneration by skill level in the wiod, the expression was simplified to encompass the total variation in hours worked, without prejudice to the concepts defined in the foregoing section. Technological progress and the elasticities of value added with respect to each factor of production are given by equations (12) and (13). By construction, the elasticities and technical progress of a given activity sector vary through time and across countries. The variation in allocative efficiency was obtained as a residual -by definition, that measure is the variation in tfp, having discounted technical progress, technical efficiency and economies of scale.
Table 5 reports on the estimations of the coefficients of the production frontiers of the 14 industrial sectors for the 40 countries in the sample between 1995 and 2009. In nine of the 14 sectors the variance of the error term u it is significantly different from zero, which indicates productive inefficiency. In the other sectors, inefficiency is relatively minor, and random deviations from the production frontier predominate. As the variance of u it tends to zero in the model of the machinery and equipment sector, it was estimated using ols.
Most of the coefficients are significantly different from zero at the 10% significance level in all models, which shows that the translog model is appropriate as a generic specification of the frontiers. Moreover, the presence of non-significant coefficients is foreseen in this type of analysis, since the number of observations (maximum 570) is relatively small for the set of parameters to be estimated (14).
results
Based on the foregoing estimations, the mean elasticities of the factors of production were firstly calculated in each of the 14 industrial sectors of Brazil and Mexico, along with the average rate of technological progress. Those data were augmented by the estimations of technical efficiency to evaluate the trend of tfp and its components in the two countries between 1995 and 2009. Table 6 shows the estimations for each of the industries in Mexico and Brazil.
As can be seen, the patterns of capital accumulation and the trend of productivity differ greatly between the two countries. In nearly all industrial sectors, capital accumulation rates are higher in Brazil than in Mexico. A similar pattern can be seen in the use of skilled labour, as employment growth is higher in Brazil. This trend is partly offset by a larger reduction in unskilled employment in Brazil than in Mexico, which indicates a more intensive rate of substitution of labour by capital and human capital in Brazil, probably reflecting the sharp rise in labour costs in that country. According to wiod data, the average value of real wages 22 in Brazil grew by 3.1% per year between 1995 and 2009, compared to a reduction of 0.9% per year in Mexico.
The counterpart of the slower pace of factor accumulation in Mexico was more vigorous growth of tfp. Mexico's industries generally recorded higher tfp growth rates, except for the textile products, chemicals and machinery and equipment industries.
In terms of the components of tfp, the situation is quite varied. In Mexico, technological progress between 1995 and 2009 was positive in all industrial sectors except for five. In Brazil, however, eight of the 14 sectors posted negative rates of technological progress, probably owing to the recomposition of production within each sector, involving the retreat of higher value added product lines and specialization in products of lower technological content. The reduction in manufacturing industry value added per hour worked, mentioned in the introduction to this article, corroborates that idea. Also important is the influence of the general economic situation in 2009, the last year of the comparison, because the global recession hit the prices of several industrial products, with effects on industrial value added.
The trend of technical efficiency is also worse in Brazil than in Mexico in 10 of the 14 sectors analysed. The situation is even more serious in terms of economies of scale: as shown in table 6, Brazil lags behind Mexico in 11 out of the 14 industrial sectors. This is probably affected by Mexico's trade integration with the United States and Canada, which considerably expands the scale of businesses in the country. In the case of allocative Note: * estimation by ordinary least squares (ols) reports adjusted R 2 instead of the log of maximum likelihood.
efficiency, while Brazil recorded increases in nearly all manufacturing industries, there were decreases in nine sectors in Mexico. The productivity indices of each country (Brazil and Mexico) in each of the 14 industrial sectors are shown in table 7, estimated in relation to the sample base year of 1995. The values for that year were subjected to the tfp variations estimated on the basis of table 6; so the resulting indices express the historical differences and recent trend of the 14 industrial sectors in the two countries.
The data of table 7 show that there were few productivity differences in 1995. In general, productivity levels in Brazilian industries were higher than those of their Mexican counterparts (in 10 of the 14 sectors). Only in the "wood and products of wood" and "plastics and rubber" sectors does Mexico surpass Brazil. In two other sectors (textile products and chemicals), the differences were small. By 2009, however, the situation had changed drastically. Only four sectors of Brazilian industry maintained factor productivity levels that were substantially above those of Mexican industries: textiles and textile products; chemical products; machinery and equipment, and transport equipment. In the other industries, Mexico's tfp greatly surpassed that of Brazil in 2009. The analyses reported in the previous section show that the manufacturing-industry productivity trend was generally more favourable in Mexico than in Brazil, such that in a few years Brazil's relative advantage was reversed. The input requirements needed for production decreased in eight of the 14 manufacturing sectors in Mexico, while they increased in the case of Brazil. Apart from one sector, the growth of requirements was less in Mexico, indicating a considerable saving in the use of intermediate goods and services. From the tfp standpoint, the results revealed a large increase in just three industrial sectors of the Brazilian economy (textiles, chemicals, and machinery and equipment). In the other 11 sectors, productivity growth was greater in Mexico.
In addition to the positive trend of tfp, in seven sectors of Mexican manufacturing industry (food and beverages, leather and footwear, products of wood, paper and pulp, nonmetallic minerals, metallurgy, and transport equipment) there was also a reduction in input requirements. These two processes combine to enhance industrial competitiveness. In the chemicals and other industrial products sectors, the greater input requirement is offset by an increase in tfp. In the case of Brazil, the productivity trend is quite negative: input requirements increased in all manufacturing sectors, except for leather and footwear; and tfp decreased in all of them, except for chemicals, nonmetallic minerals, and other industrial products.
A relevant fact revealed by the analyses is that the increase in imported goods and services requirements in Mexican manufactures was compensated for by a reduction in domestic goods and services requirements. This suggests that, at least in the case of Mexico, trade liberalization had a decisive influence on the productivity trend -as is frequently claimed in the literature on productivity in Latin America-. Bandeira and Garcia (2002) , for example, suggest that trade liberalization in the Latin American economies had positive effects on investment and economic growth in the region in the 1990s. Hay (2001) ; Cavalcanti and Rossi (2003), and Schor (2004) use different methods to analyse the productivity of Brazil's manufacturing industry, and they report substantial tfp gains linked to the rapid reduction in import quotas in the 1990s. Moreover, the studies by Weiss (1992) ; İşcan (1998) , and Guillermo and Tanka (2007) reveal the effects of trade liberalization on the efficiency of Mexico's manufacturing industry at different points in time, particularly in the 1980s and 1990s.
Statistics on the composition of the demand for manufactured products in Brazil and Mexico, and how this relates to the productivity trend, corroborate this view. Table 8 shows the share of imports in total demand in the Brazilian in Mexican economies in 1995 and 2009, by manufacturing industry sector. The statistics, taken from the wiod, indicate the degree of penetration of imports of industrial goods in domestic demand, considering its two components: (i) final demand, consisting of consumption and investment by families, public administrations and non-profit institutions, and (ii) intermediate consumption, consisting of demand for goods and services by firms and the government.
The data of table 8 show that, despite a considerable increase in Brazilian imports, the manufactured goods markets in that country were relatively little affected. Imports, which represented 11.1% of final demand for manufactured goods in 1996, were just 11.6% in 2009. In Mexico, the situation was very different. As a result of its accession to the North American Free Trade Agreement (nafta) in 1992, the share of imports in the composition of final and intermediate demand for manufactured goods grew by much more. That treaty between Mexico, the United States and Canada set a 15-year period for the total elimination of tariff barriers between the three countries; and this expired in 2007. In that context, the import content in the final demand for Considering the data from the 14 industrial sectors in Brazil and Mexico, the reduction in input requirements recorded between 1995 and 2009 seems to be negatively correlated with the increased share of imports in total demand, as shown in figure 1. Considering the average of the sectors, the larger the increase in imports in the total demand for manufactured goods, the relatively larger were the reductions in requirements to produce those manufactured goods in each of the two countries. This shows that the greater relative importance of imports could have contributed to the cost reduction and, hence, to the more efficient production of manufactured goods. 23 The analyses performed in this article reveal the different paths followed by Brazilian and Mexican manufacturing industries between 1995 and 2009. While Mexican industry consolidated its position with a significant productivity increase, despite the reduction in the share of manufacturing in gdp and in the total demand for manufactured goods, Brazilian industry experienced an absolute and relative productivity loss, 23 A similar relation exists between increases in the import share of demand between 1995 and 2009 and the trend of tfp in the 14 industrial sectors of Mexico and Brazil. The linear correlation coefficient between the two variables is 50.1%. along with a rise in costs. The fact that manufactured goods markets in that country are more isolated from foreign trade could have contributed to the weak productivity performance. As a counterpart, final demand for manufactured goods grew by 25.4 percentage points less in Brazil than in Mexico between 1995 and 2009. Accordingly, the results reported in this article suggest a future need for more in-depth research into the pattern of consumption and foreign trade in manufactured goods in the two economies, and a study of the effects of the changes in industrial productivity on economic growth and welfare in the two countries.
